A pituitary tumor can be located at the various positions of the optic chiasm. Visual field defects are produced by lesions at the anterior angle, body, posterior angle, or lateral aspect of the chiasm. A pituitary tumor frequently causes bitemporal hemianopia by compressing the optic chiasm initially. Visual field defects are thought to be due to the direct compression or the effect on the blood supply of the optic chiasm. These visual field defects can be detected by manual perimetry, 1 and by automated static perimetry.
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Automated perimetry can find as many or more abnormalities in chiasmal lesions as can Goldmann perimetry. Automated static perimetry expresses numeric values as sensitivity and decreased values as depression. Vertical step or decreased value along the midline are known to be the initial findings of bitemporal hemianopia. 5 However, these findings are not quantitatively determined. It is not yet known how many dB of differences in sensitivity between midlines could be significant. We also need to determine how many dB of decreased sensitivity in the temporal area lead to initial change. Magnetic resonance imaging (MRI) demonstrates compression to the optic chiasm by the tumor. Compression of the optic chiasm by the tumor can induce visual field loss. We studied the visual field by automated perimetry in patients with asymptomatic pituitary tumor demonstrated by MRI and determined the criteria of detecting temporal hemianopia.
Patients and methods
Fifteen patients (five men and 10 women) with pituitary tumor detected by MRI had no visual complaints. Their ages ranged from 22 to 77 years (mean: 52.3 years). They had no ocular disease, including that of the optic nerve. Two patients had acromegaly and no compression to the optic chiasm, while 13 patients had pituitary tumor, including two prolactinomas touching or compressing the optic chiasm. Another 12 patients (four men and eight women) had pituitary adenoma and temporal hemianopia observed with Goldmann perimetry preoperatively. Their ages ranged from 13 to 59 years (mean: 39.5 years). These patients underwent surgical removal of the tumor. Four patients had hormoneproducing adenoma (one prolactin, two growth hormones, and one adrenocorticotrophic hormone), and eight had non-functioning adenoma. Fifty-two normal volunteers (26 men and 26 women) had neither ophthalmologic nor neurologic disease. Their ages ranged from 16 to 71 years (mean: 40.6 years).
The relationship between optic chiasm and tumor in 27 patients with tumor was estimated by coronal view on MRI, which was performed at 1.5 T. Slice thickness was 3 mm with no interslice gap. T1-weighted images were obtained using TR/TE acquisitions of 600/20/2. The matrix was 256 ϫ 256, and field of view was 20 cm. The relationship was graded from 0 to 4 ( Figure  1 ). One neurologist (NS) determined grade without knowing the visual field. In case of asymmetry of grade bilaterally, the higher grade was adopted. In case of posterior or anterior enlargement, the most prominent relationship was adopted. Grade 0 was defined as no contact between tumor and optic chiasm. Grade 1 indicated contact between them without upper surface deformity of optic chiasm. Grade 2 demonstrated contact, with upper surface deformity of optic chiasm and visible suprachiasmatic cistern. Grade 3 showed contact, with upper surface deformity and invisible suprachiasmatic cistern and no cerebral deformity. Grade 3ϩ meant MRI grade 3 with Goldmann visual field defects (Figures 2 and 3 ). Grade 4 indicated contact, with cerebral deformity. All patients were examined with use of the Humphrey field analyzer (Carl Zeiss, Dublin, CA, USA). The program used threshold central 30-2 (76 test points within 30 degree visual field). Results with more than 20% false positive, 20% false negative, or 20% fixation loss were excluded and reexamined. Some patients were reexamined within 6 months.
We set vertical step and temporal depression for the criteria of detecting temporal hemianopia to differentiate data of healthy subjects from those of patients with pituitary adenoma and temporal hemianopia observed by Goldmann perimetry.
The research followed institutional guidelines and the tenets of the World Medical Association Declaration of Helsinki. We obtained informed consent from each subject studied.
Results
Vertical step was determined from the results in healthy volunteers (Figure 2 ). There were maximally three continuous pairs, in whom each sensitivity was 2 dB or lower in the temporal field along the vertical meridian than in the corresponding nasal field in healthy subjects. There were maximally two adjacent pairs, in whom each sensitivity was 3 dB or lower in the temporal field along the vertical meridian than in the corresponding nasal field in healthy volunteers. Vertical temporal step was determined as significant when four or more adjacent pairs had 2 dB or more decreased sensitivity at the temporal midline, and when three or more adjacent pairs had 3 dB or more decreased sensitivity at the temporal midline. Temporal depression was obtained from printout 3 in 1 (gray scale, defects, and actual value). This printout showed the sum of sensitivity in each quadrant field in actual values. The difference in sensitivity between temporal and nasal quadrant fields (nasal-temporal) divided by sensitivity in the temporal quadrant field was determined as a temporal depression index (Figure 4 ). This index was equivalent to (nasal sensitivity /temporal sensitivity) Ϫ1. Minus value meant nasal depression. Normal upper limit (mean ϩ 2 standard deviations) was 0.086 in upper pairs and 0.084 in lower pairs ( Figure 3 ). One healthy person showed high temporal depression index (false positive).
All 12 symptomatic patients with pituitary adenoma had both 2 dB and 3 dB vertical temporal steps in either eye (Figure 2 ). Only one patient showed normal vertical steps in one eye (false negative). Mean 2 dB vertical step pairs were eight pairs. Mean 3 dB vertical step pairs were 7.8 pairs. All patients with pituitary adenoma had a significant temporal depression index in the upper field ( Figure 3) . Eleven of 12 patients had a significant temporal depression in the lower field. From these findings, vertical step (2 dB or 3 dB) and temporal depression (upper or lower) were determined as the criteria for detecting temporal hemianopia. Vertical step had 96% sensitivity and 100% specificity. Temporal depression had 100% sensitivity and 98% specificity. MRI demonstrated grade 3 (grade 3ϩ in Figures 2 and 3) or grade 4 compression in all symptomatic patients.
Twenty-eight reliable visual fields were initially obtained from 15 patients with pituitary tumor without visual symptoms. One patient was reexamined immediately because of unreliable results and findings from the second examination were adopted. Five patients demonstrated abnormal visual field by Goldmann perimetry, but no hemianopic isopters (isopters that ran parallel to the vertical midline) and no scotoma. Five patients had a depression around the blind spot observed by Goldmann perimetry. Two patients with acromegaly and no compression to the optic chiasm showed no vertical temporal step and no temporal depression noted by automated perimetry. Thirteen of the other 26 visual fields had temporal hemianopia ( Table 1) . Seven of 13 patients with pituitary tumor had 2 dB vertical temporal step. Five had 3 dB vertical temporal step. Six had significant temporal depression in the upper field; one had depression in the lower field. Nine of 13 patients had vertical step or temporal depression. Four had vertical step or temporal depression in both eyes. Six had both vertical step and temporal depression. Eleven eyes of eight patients demonstrated abnormal field loss on automated perimetry, but normal field by Goldmann perimetry. Two patients had grade 0, four had grade 1, five had grade 2, and four had grade 3 compression on MRI findings. Grade 3 compression induced an Eye Figure 4 Temporal depression index is calculated by the quadrant sum obtained from the printout 3 in 1. Temporal depression index ϭ (nasal quadrant sum Ϫ temporal quadrant sum) / temporal quadrant sum. The 3 in 1 printout and deviation maps in right eye of patient 3 (65-year-old woman) are shown. Temporal depression index in upper field is (436Ϫ396)/396 ϭ 0.10 in the right eye, which is higher than normal upper limit (0.086).
abnormal field loss by automated perimetry in all four patients. Grade 1 compression produced an abnormal field in two of four patients; Grade 2, three of five.
Eight of nine patients with temporal hemianopia determined by vertical step or temporal depression were reexamined within 6 months. Ten of 11 visual fields with temporal hemianopia were determined as temporal hemianopia again. One case (No. 8 in Table 1) showed increased temporal index with MRI grade (from grade 2 to 3) and underwent removal surgery. The other cases had no change of MRI grade.
Discussion
We determined new criteria for temporal hemianopia, vertical step and temporal depression. These criteria had high sensitivity, high specificity, and reproducible results. Some patients with pituitary tumor and no visual symptoms in the present study were found to have temporal hemianopia observed by automated perimetry, but not by Goldmann perimetry. These changes were thought to be initial alterations of temporal hemianopia due to chiasmal lesions. The visual field defects caused by chiasmal lesion have been estimated by Goldmann perimetry, but the determination of hemianopia was not sufficient with the use of that instrument alone. Anderson et al reported that patients with pituitary adenoma had few
Eye visual symptoms, 6 as measured by Goldmann perimetry. Another study that used automated perimetry showed greater incidence of visual symptoms in patients with pituitary adenoma. 7 There were some possible explanations for the superiority of automated perimetry. One was numeric values as sensitivity by automated perimetry. Vertical step or temporal depression observed by automated perimetry would increase the ability to detect visual disturbances in patients with pituitary adenoma. Mills pointed out at least three adjacent pairs were needed to find vertical step by automated perimetry for hemianopia. 5 We obtained at least four pairs with 2 dB or more difference and three pairs with 3 dB or more difference from normal data for temporal hemianopia. Four pairs along the vertical median with 2 dB or more difference in sensitivity were easy to diagnose as an initial change of temporal hemianopia. The Humphrey field analyzer printed out pattern and total deviation for abnormal points. Abnormal points at some probability were shown on pattern and total deviation maps. We could identify abnormal areas on these deviation fields ( Figure 5 ). Vertical step was not always found on these maps ( Figure 6 ). Actual value was important for diagnosing hemianopia. Other explanations were thought to be due to statokinetic dissociation 8 and testing procedure of automated perimetry. 9 The Humphrey Field Analyzer threshold program (central 30-2) determines primary points in each visual field quadrant first. The primary points threshold is used for the initial value of the eight neighboring points surrounding the primary points and finally could affect the values in the entire quadrant. A lower value in the primary point may lead to lower values in the quadrant including the primary point. Seven patients had 2 dB vertical step, but it was monoocular in six. Compression to the optic chiasm induced bilateral visual field changes, but monotemporal visual field defects could be present with chiasmal lesions. 10 Initial temporal hemianopia might occur unilaterally, even as seen with automated perimetry. We chose only one line along the vertical meridian for vertical step. Temporal depression covered the other area. A temporal depression index was also useful to monitor initial change in temporal hemianopia. We could also use this index to follow up patients with asymptomatic temporal hemianopia. If this index increased, it would mean that compression would have progressed with enlargement of the tumor. Patients who underwent surgery all had a significantly increased index. This index could be a criterion for surgical indication.
We believed that what produced different indexes between patients with MRI grade 3 and grade 3ϩ was duration of compression. Symptomatic patients (MRI grade 3+) who had hemianopia observed by Goldmann perimetry had a greater index. It was possible that the optic chiasm in these patients was compressed by the tumor longer than in asymptomatic patients (MRI grade 3) who had no hemianopia found on Goldmann perimetry. Longer compression to the chiasm induced more functional loss by automated perimetry.
Our new MRI grading system was useful for identifying patients with initial field loss without symptoms. Visual field defects with Goldmann perimetry appeared as the tumor enlarged. 11 We focused on compression to and elevation of the chiasm. Grade 3 compression could induce hemianopia detected by automated perimetry, but not always by Goldmann perimetry. Grade 4 compression resulted in visual field loss detected by both Goldmann perimetry and automated perimetry. Grade 3 and 4 compressions Eye also distorted the optic nerve and tract equally, but induced no functional loss in such pathways. Direct compression could produce hemianopia, but not distortion. Even two cases of grade 1 compression produce visual field loss. Only contact with the optic chiasm hardly caused field loss, although the tumor may have compressed the optic chiasm previously and then decreased in size. Pituitary adenoma occasionally has decreased in size with time. 12 Both the findings of MRI and automated perimetry could be helpful in the management of asymptomatic pituitary tumor.
